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(54) An endoscopic surgical instrument 

(57) An endoscopic surgical instrument (142) com- 
prising a control section and an insertion section, the 
: insertion section being adapted to be inserted into a 
patient through a small incision (1 80); wherein the inser- 
HitiQW | ^section: : (t45!) : i ciomprtses j a: ifbreajrrn i linkn Ci^f^^ H ! 
wrist link (172) and an end 'effector 070). wherein:the 
forearm link (174) has a proximal end, a distal end and 
; a forearm axis extending longitudinally from the proxi- 
mal end of the forearmllnk (174): to the distal end of the 
forearm link [174), the wrist link (172) has a proximaf 
end and a distal end and a wrist axis extending from the 
: proximaf : end of ; the; forearm link (1 74) to the distal \ erid ; 
of the forearm link (174), the proximal end of the fore-: 
;;:a : rni;!ink (174) is connected to the control section (143). 
the distal end of the forearm link (174) is connected to a 
-pivotal wrist joint and the proximal end of the; wrist link 
(1 72) is connect ed to the pivotal wrist joint arid the distal 
end of the wrist: link (1 72) is connected: to the end : effec- 
tor (170), characterized in that: the control sectiort'comi- 
•: prises a : plurality of control ; motors; and: linkages (162; 
184, 186, 188) adapted to operate the insertion section 
with al least five degrees offreedorh inducing: ire 
n^hSiretraction of a forearm link (174) along the for^rrW 
iiiaxi&and through the small incisional 80); rotation of the 
forearm link (1 74); about the forearm axis; pivotal motion 
: : of the forearm: link (174) about a first pivotaJ : axis and a 
:: second pivotai axis which; are perpendicular to each 
: : other : and : intersect the forearm axis i at: a ; pivot : point 
;; adjacent the small incision (180); and; pivotal moti on of 
:;a;wrist:iink (172) relative to the:fpre^rnlinki(1:74)::;;:: 
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Description 



This irtvehtibh relates to: an endoscopic surgical 
instrument. 

Tefeoperating, which ss well known. includes the 
human performance of tasks at a remote location using 



Bjectibrtc the distal end bithefbrearm link is connected to 



operator with the same feedback and control that he 



the operation with his own hands Telepresence :qpera- 10 



particularly a ^ereographjc visual display pt the; remote 
workspace.. Stereoscopic television systems are well 
:: known: as .shown;; ;for ;examp!e;:in US: Patent Numbers 
4,562,463 and 4,583,1 17 and in UK Patent ^plication 
GB 2,040,134. 

Remote manipulators employing stereoscopic TV 
viewing together with force feedback also are well 
known as shown, for example, in an article entitled, 
"Controlling Remote Manipulators Through Kinesthetic 
Coupling : n Sejczy et al Computers in Mechanical Engf^ 
heenn^ JtMly ?983 t pps> 48-60, and ih an article entitled, 
"Stereo" Advantage for a Peg-ln-Hole Task Using a 

1256 Stereoscopic Displays and Applications, 199Q, 
pps, 244-254, fn the Bejczy et al article; force-torque 
: feedbackis disdosed. Also, iniUS Patent No; 3,921 ;445; 
a manipulator which- includes force, torque and slip sen-: 
i iSprs; of :a jype ;which ;may ;bei jempl qyed ; with the present : 
invention is shown. 

A tele^existence: master stave system: its disclosed 
in an article entitfed Tele-Existence Master Slave Sys- 
tem for Remote Manipulation (II) \ Tacht, et at, Pro- 
ceedings of the 29th Cbhfejtence on Decfsion and 
Control, Vol. 1 of 6, pp. 85-90. The system comprises a 
master system with a visual and auditory sensation erf 
presence, : computer: control: : system : and ; an arrthropo- 
i • morph ic : slave; robot ; mechanism ; with ;: an;; arm; having: 
seven degrees of freedom. The operator's. head and 
; ; arm • movements; are; measured ; by : the ; master • motion 
measurement system in real time. Signals are then sent 
to four computers which generate: :a command position 
of the slave head and arm movements to correspond 
with the operator's head and arm movements. 

According to one aspect of the invention there is 
; ;protfded; iari: endoscdp^ surgical! LH^irort: rompnsing 
a control section and an insertion section, the insertion 
;section : ; beingi; adapted; to be ; inserted; into :; a; patient 
^through a small incision to a location adjacent a work- 
site in the patient; 

wherein the insertion section composes a! fore- 
arm link, a wrist link and an end effector, wherein the 
;forearm link has a proximal: end,; a distal end and a fore- 
arm axis extending longitudinally from the proximal end 
of the forearm link to the distal end of the forearm link.- 
the wrist link has a proximal end and a distal end and a 
wrist axis extending from the proximal end oftfte fofer 
iiawniiin^ 

mal end of the forearm link is connected to the control 



is connected to the pivotal wrist joint and the distal end 
of the wrist link is connected to the end effector, charac- 

terizedlnjfcit:": 

tfte\c6htrol^ 

motors and linkages adapted to operate the Inser- 
• tion section with at least five d^e^i^;W^oim' 

insertrbn and retraction^ the forearm link along the 



; : /5in 



:5a:; 



V3S: 



rotation of 1he forearm link about the forearm axis, 
;; otal ; axis ; and a second: ;pivotal ; axis; which are; per-; 



axis at a pivot point adjacent the small Incisi on and 
. pivotal motion of the wrist link relative to^ei.tere-rH 
arm link 

According to another aspect of the Invention there 
is provided an endoscopic surgical instrument compris- 
ing an insertion section: and; a control section- the inser- 
tion section being adapted to be inserted into a patient 
through a smalt incision to a location adjacent a work- 
site in th e patient 

ill hi! h - • • ; wherein ;the; Insertion i section : comprises ; a ;fere?j j 
aim ImK a wrist link and an end effector; wherein the 
forearm link has a proximal end, a distal end and a fore- 
arm axis; extending lohgrtudinally;from the proximal end 
oi the forearm to the distal end; of the forearm; the wrist 
link has aprbxi^ endlahd a wrist axis 

ext ending; front the proximal end al the forearm to the 
; distal end of the : for earm; the; proximal end of the; fore- 
arm link is connected to the control section, the distal 
end; of the ; forearm ; fink; Is : connected ; to ; a ; pivotal ; wrist ; ; 
joint; and; the proximal end of the wiiisj jink Is connected 
to the pivotal wrist joint and the; distal end;;bf the wrist 
link connected to the end effector; characterized in that: 

the control section comprises: 

means for inserting and retracting the forearm j&ik 

along the forearm : spdsi§iKjj&^ the small inci- 

sjon; 

means for rotating the forearm link about the fore- 



arm axis, 



otal axis and a second pivotal axis which; are per- 
pendicular to: each other wi intersect ttete forearm 
axis at a pivot point adjacent the small Incision; and 
means of pivoting the wrist link relative; to the fore- 
Harm link so as to control the angle between the fore- : 
arm axis and the wrist axis- 

Thus manipulators located at a worksite are con- 
trolled by hand-operated means at a remote operator 
control station. End effectors at the manipulators are 
used; for manipulating objects located: in a workspace at 

\ j^[^k^iuij l^if^^di^uiii ifei^teSi |ts]^^ib^:fbr ; ; 
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transmitting back lo the operator mechanical resistance 
encountered fay the end effectors Sterepgraphlc visual 
:di^faiy. irtWans: provid e the operator .with; an ? mag e; of th a 
workspace. In accordance with. the present invention, 
the Image is located adjacent the hand-operated means 
so; that the operator fooks In the direction of the- hand- 
operated means for ; viewing ; the image ; adjacent ; th a 
;hand^perated^el^;: -Either a real Qf; virtual Jfwg^io^ 
the ! workspace 1 may be ; provided adjacent th ei hand - 
operated means, Display means for display of a reai 
imag a ; may ; ; be; ; ; locat ed ; adjac ent; ; the . ; hand-operated 



tor. ; For display; ;df ; a; virtual ; imag e; of the ; workspace, ; a 
mirror is located between the operator's eyes and the 
handoperated; means:! In ihls case, display ; means pro- 
ykieVVeaijrnage which is inverted from top to bottom, 
which ; inverted ; image ; is; vi ewed ; via; the; ;mirror, : ; which 
mirror inverts the images and provides the operator with 



located adjacent the hand-operated means; By locating 



means the operator is provided with: a sense that the 
end effectors and har^bperatedrm^ 
tially integral despite the feet the end effectors are 
located at the worksite and the hand-operated means 
are located at the remote operators station. A stereo- 
phonic sound system may be included to provide the 
operator with stereophonic sound from the worksite. 



space from which an image of the workspace Is 
obtained. Various other sensors and associated 



tor's station- respective ly transmission of pressure, 
tactile, heat vibration and similar Information for 
enhanced telepresence operation. 

Depending upoitr file; application : drfferent scaling 
may be provided in the transmission of information 
between the operators station and worksite. For exam- 
pie, for microassembiy, microsurgery and like opera- 
tions ; fhvo i yihg ; small; ; part; im^i^Sio^ 
video magnifipation may be employed to provide an 
enlarged; 3rdimensiQnaf image for viewing ;by th & opera- 
tor. With similar scaling between the hand operated 
mean's and manipulators, the perception of the operator 
is substantially that which a miniature operator would 
have were he at the worksite, 

BRIEF DESCR IPTION OF tUe DRAWINGS 



The ; ; inventio nv ; tog eth er ; ; with ; ; oth er ; ; obj ects and 
Sc^rriag^^^ be better understood from the 
following description considered with the accompanying 
drawh^ 

purposes of ilfcistration and example only, and that the 
invention^ not limited thereto, In the drawings* wherein 
like reference characters refer to the same parts in the 
several views, 

;;:;;;;• Fig. 1 is a diagramrb^tic shbwT^S; of; ;a|te(edperartor 



so; 



15; 



25 



35. 



*?; 



50. 
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system embodying the ; present; iriverrtbri inclCtfirig •: j 
; side el evationai j views of ; a worksite; ; and; ; remote ; 
controf operator's station; 

Fig 2 is an enlarged rear elevatonajf view, of the 
operator's station taken substantlafly aJdng; fine 2 2 
.dfFigurel;. 

Fig 3 is an enlarged rear elevatibnal view of the 



Fig. 4 is a simplified side elevational view which Is 

similar to; Figu re; 1 ;; and showing dimensional rela^- 

tiorehips; between. ;;e^ 

elements at the operator's station, 

Fig 5; Is: a diagrammatic view to illustrate visual per* 

ception by a miniature virtual eye. and Fig, 6 is a 



the operator when image magnification is 
employed: 

Fig 7 is a diagrammatic view which ;is similar to ithaJ 
ot Fig. 1 but showing the teleoperator system used 
for telepresence surgery; 

Fig. 8 is a rear el evationai view of the operator's sta- 
tion shown in Fig. 7; 

Ffig< £ is a rear elevational view of the worksite 
i^own inFig.7; •; !;!!::•!!•:!!!; 
|=igs;;.tC> and 11 are fragmentary side efevalfonaii; 
views of modified forms of operator's Ration Isjhd;; 
manipulator. respectively, having increased 
degrees of freedom; 

3. 12 is a side elevational view of a rrxxjified;f(or|il:: 
of;; ^operator's: ; station ;; wherein ;; display; ; means;;are|;| 
positioned for direct viewi ng by the; operator ; : 
Fig. 13 is a rear ; el evationai ; view ; of the ; modified ; 
form; of operator's station shown in Fig 12 and 
;F1g; 1 4 shows; a fragmentary^ pbrti on of th a; insertion ; ; 
portion ; of ; an ; endoscope for use ; with th e present 
invention. 



Reference now is made to Fjgs. 1-3 wherein the 
: teleoperator system; is shown to include an; operator's 
station 20 (Rgs. 1 and 2) and worksite 22 (Figs^ 1 and . 
3). An; ope rator 18; at the ; operator's ; ; station controls 
manipulator ; means ; 24 at the remote worksite; Manipu- : ; 
;;(atb£ means 24, comprising; ; right and ; left; ma^uj^ors ; i 
: i^HiS I SriS ; i24Uii ; r;^^eciH>eiyi are; u sed for manipuiatincji ; ; 
; objects, such as; obj ect 26 which is shown located on a 
platform, or base, 28 within a workspace 30 shown in 
broken fines.; For purposes of illustration only,; and not by ;; 
way of limitation, the right manipulator 24R is shown to 
comprise; a; housing 32R; affixed to base 28 and jfrbffiji 
which housing a telescopic arm 34R extends. The inner 
;end 34R1 ; of; arm 34R is mounted for pivcteljn^eme^^ 
;in; ; any; ; pivotaf direction ; ; using; conventional ; ; mounting : j 
means. For example, the inner end of arm 34 R may be 
;jrt&hted.far pivotal ; movembrit; about: a ;horizon^j^|yoip 
axis 36 which pivot axis,; ; in turn;; is ; a&pjed Ifoir^piyptaJ ;; 
Irrcrtemerrf about vertical axis 38. 
;:;;;;;;; Arm 34 R includes: it^esepp^p : inn er ; section ; 34 R 1 ; ; ; 
and outer section 34R2. which outer section is adapted^; 



Pag : 3 



:;EP0i776i738iA2iii 



both for axial movement into and out of fane? section 
34 R1 and for rotation about Its longitudinal axis. An end 

;;; effector 40R is carried at the outer end erf the arniwhich,:! 
itor purposes of Illustration, is shown to comprise a grip- 
per Motor means; not shown* control pivbtaf movement 

i:ipiiarm;34B:ab6 

;;; movement of outer arm section: 34R2 along and; about.; 
the longitudinal axis of the arm. and opening and clos* 
ing of gripper 40 R. The motor means, together with 
motor control circuits for control ol the motors, may be 

; ; ; included ; in housing 32R: ; The; motors are under; controi ; 

II $ II &oi^uter; : 42 : : connected : : thereto : : through ; ; right ; ; 
manipulator: ; interface 44 R and ; the ; above-mention edi: 
motor controi circuits, 

The left manipulator 24L is of substantially the 
same design as the right manipulator 24R and the same 
reference numerals, but with the suffix L instead of R, 
are used to identify similar parts. For purposes of illus- 
tration, the left end effector 40L, shown in Rg 3 e is seen 
to comprise cubing blades, which operate d cut in the 
manner of a pair of scissor blades. 

The worksite is provrfed; wrth a j^air - of video cam* 

; ; ; eras 46 R and 46L for viewing workspace 30 from; differs ; ; 



;7£; 



20 



::: are . well known, including, tor; example, ; those; using 
active stereographic glasses, which maybe used In the 

:: practice of :tWsitr^hlloh;to provide: me: operator with; a:: 
stereoscopic view of the remote- workspace. 

The vertical deflect! on coil connections: for mon itor 
54 are reversed causjr^ the mdnttbr ^ to scan from bot- 
tom to top thereby creating a top-tp4?ottom inverted 
image 301 of workspace 30, Letters a. b, c and d are 
; used : to id entity ; coff^ 

space 30 and inverted workspace Image 301 The 
Inverted workspace Image 3p( is viewed by the operator 
via- a mirror 66 at the top of a table 68, which mirror 

;y!fj^d&!^ 

; .operator ; to ; an upright position.; Looking downwardly in ■ ■ 
the direction of the mirror, the operator views a virtual 
image 30V of workspace 3Q. In accordance with onie 



therefrom at lines 4SR and 48L. The: angle y between 
the opticaJ axes of the cameras shown in Fig. 3 issufe;; 
:; ;stantially ;; equal; : to; ; th e :: operator's : interoeular; viewing;; 
angle y of an image of the workspace as shown in Rg. 

The video camera outputs at hnes 48R and '48t are 
; suppli ed to . an imag e ; memory 50 ; for; momentary ; stor- ; 
age of video fields of right and left images from the cam- 
eras;. Fields of right and left: images from: imag e memory 
50 are alternately ; ; sqoplied; ; through ; ; left/right; ; switch; 
means 52 to visual display means 54, such as a televi- 
sion monitor, for alternate display of the two images at: 
the: face 54 A of the monitor.: Timing and control; means;: 
56 provide timing and control signals to various eie- 



stereographic display system, for signal timing and con- 
trol of the system. If digjt^jisfer^ 
employed,, then conversion of the camera signal outputs 
to digital signal form by analog; to digital converter 
; ; means prior to storage, ;arid conversi on ;bf ih e: ^ fteilsigH j j 



;^5: 



form in preparation : tor : display ; at : ;mpn itor 54 ; may ; be; ; 
employed, 

An electrooptical device 58 atthe face of the display 
means 54 controls polarization of light Reived from 
; display; means 54 und er ; control: erf ; a left/right synchro-; 
nizing signal from timing and control unit 5$. The left 

:;^d:rigrri;irra^ 

; ing ■ a pair; of passive; polarized; glasses €0; having; right- ; 
and left polarizing elements 62 and 64 polarized in 
or^Qgonai;direc^dn&:The pdlarizatibn of ffgrrt frbrn dis^ 
play 54 through :etectroopticai device 58; is synchronized 
field by field such that the right field Is occluded from the 
left eye and the :ieft field is occluded: from the right eye 

; ; for stereographic viewi ng by the operator; Oth er; means; ; 
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operator, which in the Rg 1-3 embodiment comprises a 
virtue image, is located adjacent: controller means 70 
j : used; by; the ; operator ; for; control: of manipulator : means- 
24 at the worksite, 

Controller means 70 are shown located beneath 
the table top 6a and include right and jeft controllers 
72R and 72L for control of the respective right and left 
manipulators 24R and 24L The right and left controllers 
are of substantially the same design so that adesenp- 
tibn of one applfesto both. As wrth the manipulators* the 
suffixes and L are. used to distinguish elements: of the 
right . controller from those of the left; controller. For pur* 
poses, of : illustrations : and : not by way of : limitation, : ;the; ; 
; ; right controller 72R is shown 'to; comprise a support 74R: 
affixed to the bottom of table top 68 and from which 
; hand-operated means 76 R in the form of a fele^cbpiic: : 
control arm, or stick, extends. 

; The right and left control arms 76R and .76L are : 
provided: : with: : the : same degrees : of freedom: : as the : : 
^as&bbiafeo* manipulator arms 34R and 34L, respec- 
tively.: For example, the inner end of control: arm 76R ts:; 
; ; mounted for [pivotal: movement about; a horizontal pivot: 
axis, corresponding to manipulator pivot axis 36, which; 
axis, in turn is adapted tor pivotal movement about an 
i; Intersecting vertical axis, corresponding to manipulator 
| ; axis : 38. ; Control arm; 76 R also; includes inner sedtipftp 
76R1 and. outer section 76R2, which outer section is 
: adapted both for axial movement into and out of; inner 
section 76RT and for rotation about its' longitiriinajlaxis^ 
: It will be apparent that the co ntrol: arm; 76R; is ipr^ded j : 
with the same four degrees of freedom as the as$6cfiH 
ated manipulator arm 34 R. Additionally, sensor means 
78R are located adjacent the outer end of outer: ami:; 
section 76R2 for use in controlling gripping action of 
gripper 40R, Similar sensor; means 78L adjacent the:: 
outer end of control arm 76 L are adapted tor use in con- 
trolling operation of scissor blades 40L 

Right and left controllers 72Hand 72L are included ' 
in a servomechanism system wherein mechanical 
motion of control arms 76 R and 76L : controls: th a posi- '■ 

biBI:; 



Page: 4 



7 BP 0776738 A2 8 



ing of end effectors 40R and: 40 U ; respectively. In Fig. 1, 
right and left hand; controller interfaces 80 R and 80L, 
respectively, are shown for connection of the controllers 
to computer 42. Servomechanisms for control of 
mechanical motion at a remote location are well known, 
including; those which provide force and : torque feed- 
back from the manipulatory control- 
ler means. Any suitable prior art servo mechanism may 
be used In the practice of the Resent invention, with 
those incorporating force and torque feedback: being 
particularly preferred for telepresence* "operation of the 
system. In the illustrated system, right and left micro- 
phones are included at the worksite, outputs from which 
microphones are amplified' by nght and left amplifiers 
and supplied to right and lerft: !4?«aK»r9 j ittVci |«>|>Of7aitors;* 
station for providing a stereophonic sound output to pro- 
vide the operator with an audio perspective present at 
. the workspace. In Fig. V only the right channel of the 
stereophonic system Its shewn including right miicrb* 
phone right amplifier 86R and right speaker S8FL 
The left microphone and speaker -are located directly 
behind the respective right microphone and speaker at 
the worksite and operator's obntrof station as viewed in 
Fig. 1 . Obviously earphones may be provided for use by 
the operator in place of the speakers which would help 
to block out external noises at the operator's control sta- 
tion. Also, in Fig. 1 a light shield 54B at the. monitor is 
shown for blocking direct viewing of the monitor face by 
the operator. 

Reference now is made to Fig, 4 wherein a simpli- 
fied diagrammatic view of the system illustrated in Figs. 
1-3 is shown and wherein various lengths and angular 

;;;;;;;:;;;;:;; positions are identified by reference characters, In Fig^;; 
4;;;the;ipp^cal:pa 

:;;;:;•::•;:;;;;: point F at the workspace is id entitled by reference char* ; ; 
acter L. A corresponding path length between the oper- 
ator^ eyes and point F at the virtual image of the 

; j : i 0 ;i : ; : j I ! ^workspace ; i a : iden tif iect &y idisiafice: r aHhbt. : : where' :a: is i ; 
the distance from the eyesofihe operator to minor 66. 

!n|iy!j|j;:;;;^ 

:;;:!:;:! : tual image^ Other dimensions shown include the height; 
; : G;of the cameras above the pivot point ol manipulator 
•:•:::•::•:;:::; arm 34R and; corresponding height g of the: operator's • ; 
" eyes above the pivot point of control arm 76R. With the 
control arm 76R at length d r the manipulator arm 34R 
: adjusts: to length p. Similarly, with the control arm 76R 
• at an angle with the vertical, the manipulator arm ; ; 
34R is positioned at the same angle from vertical. The 
;:;;;;;;;;;:;;: angle: from vertical at which the cameras view the work- : 
space and the eyes view the virtual image of the work- 
space is identified; by a.- : 

Between elements of the worksite and operator sta- 
tion, the following relationships pertain; . 

a+b=kU (1) 
d=kD,arid (2) 



ft* HQ 
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. . where k is a sc^ej f^or;.^ k 
equals. 1 such that a + b= L t ;d = D and g = G , no 

. scaling'of worksite dimensions ; is required. 

Any scale factor may be employed, the invention 
not being limited; to fulhscafe manipulation For exam* 
pie,: the worksite: can be sma1t T including :n^crc«copic : in • 
size, in which; i^etffe ihefuding dis- 

tance to obj ect. ; interocular distance and : focal: length, ; 

; ;and ; ; ; mechanical ; ; ; and; ; ; dimensjbnaJiji jpi^rrt^tfe^l j j j 

Lappr^riately.scaJecl. 

::;;::;;; ;By using ; appropriate scaling ; and; image magnificat ; 
; ion end ;fbree and: torque if e^bacfe ;and ; by ijocating ftieji j 
; image: ;30V; : of; the ; workspace ; 30; adjacent; ;hand-oper- : ; 
ated control means 76R and 76L, the operator is pro- 
vided with a strong sense of directly controlfing the end 
effectors 40 R and 40L. The operator is provided with $ 
sense that the end effectors 40 R and 40L and respec- 



This same sense of togetherness of the hand-operated 
-cphtf0i:<t^n$$in^;6hd effectors is hot; provided iin prior 
art; ; arrangements; : wherein; ; the: image: viewed : by the : 
operator is.tfot located acjjacent the hand-operated con* 
trai; means. Even where the prior art includes stereo- 
scopic viewing and force and torque feedback, there : is 
a feeling of disconnectedness erf the hand motions from 
the visual image c^ect belhg: worked upon the present 



$0 locating the wbrtepace image where ;the operator's 
hands appear to exercise direct control over the end 
effectors. 

For small-scale manipulation, such as required for 
:.:;•;::: surgical: applications, it is d esfred to replicate the visual 
35 experience that a miniature observer would have were 
; ; ; : ; H ; ; !h ® ^9^!^; ^fl ^f^rit tfi^;^iuM^ yvor ksiite, : !hi Fi^li 5 j jthiei -^irH ! ! 
tuat eye 90 of a hypothetical miniature- observer is 
/ shown viewing an actual workspace. Light frarn'rk'!; 
source at a point X r Y T Z in the actual workspace pro- 
: 40: ; ; ; duces - a stimulus on the miniature: observer's eye 90 at 
• a point identified as XVM. in Fig, 6, an eye 92 of an 
actual operator is shown viewing an enlarged image of 
the virtual workspace produced by means of a video 
;;;;;;;;: camera 94: used to; view ineactuai workspacsJ The illiis- 
45 trated camera includes a light-receiving lens 96 aind 
solid. state imaging device such as a charge -co upifed^ 
device (CCPI array 93 where the poirtt light source atX* 
Y, Z is shown imaged at point X{, Y h Z h With correct 
scaling, a corresponding light source is produced at 
50 . point MX* N4Y it at either the real or apparent posi- 
tion of the face of the visual display which, due to stere- 
oscopic operation of the system appears to the operator 
to; ongihate from point MX* W< ]M2 : ;iCtt^e^hcSng : to 
point X f YZ at the actual workspace At the retina of the 
55 actual eye 92, a stimulus is produced at point X' at pro* 
::::;:;: portionateiy th e same position; as point ;X7M: at eye 90 of 
the hypothetical observer. This relationship is ensured 
;by selecting a correctly scaled camera distance and 
lens focal length such that the optical magnification ;i 
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M 0 = M/M v where M is the desired over^irmag : h|fic^^; 
tion and is the video magnification; 

iliiMffrtffidStion, which equals the ratio of the CCD- 
array 98 width to the display width, is about 40. 

Reference now Is made to Figs* 7 through 9 
wherein a modified: form of this invention Is shown for 
medical *isa Here, riglht and leftmanipuFators tOOR arid 

iilGOLareshown which areundercontrolof right ; and: left: 
controllers 102R and 102L, respectryely; Elements; of 



sirnply rriay comprise^ essehtiairyi microsurgical instn> 
:ments:wrth their: handles remoye^;^ 

ple c retractors* electrosurgtcal cutters and coagulators 
■ microforceps, rnlcrone^je: finders,; dissecting scissors; : j 

blades^ irrigators, and sutures. 

:;::;:;:;;Laparoscope;t08 for viewing the: workspace 104 is:: 
shown corinprisihg ah outer operating section 1Q8A and 
insertion section ItiSB The outer end section 1:20 of 



employed in the fmagmg; system illustrated; ;in Figs. 1^3 
: desaibed above: eacept that an enlarged: virtu 
104V of actual workspace 1 04 is provided for viewing by 
'the 'qpMj^:J^fe servpmechanism .elements for con- 
nection of'the; right and left :co ntrol i ers • 1 02 FV and 1 02 L to 
the respective manipulators 100R and 100L are sub- 
! i stantialiy. th e sameas those described;above: with refer- j ; 
ence to Figs, t-3 in the: illustrated arrangement, the 
right and Jeft manipulators are of substantially the same 

that a description of one manipulator and one controller 
applies to botn< Atjain. suffixes R and L are used to dis- 
tinguish between right and left elements thereof. 

The manipulatofs include: outer control sections 
100RA and 100LA andinsertion sections -1 00 RB and 
IQOtBk which inserfioh se^bhsiare adapted fqr inser- 
: ti on : i nto : a body : cavity, through: cylindrical iiubes-^OKicarc;; 
nulas, not shown. For purposes^ of illustration, the 
manipulators are shown inserted through the abdomen 
wall T06 of a subject. As is well understood, for laparo- 

: : scope surgical : procedures,: :wall: :t06 :is: separated : from : ; 
internal organs by insufflation wherein a gas is intro- 
duced ; into the : abdomen ; by any suitable : means -hot: : 

:;shown. Manipulator motors and ass^iated: raptor :cor£ \ \ 
trol circuits are contained in the outer control sections 
100RA and 100LA6f thaiiha^ 
insertion section: The manipulators, together with a 

.^laparoscope: 1 0S for : viewing : organs:; within ; the ; cavity, : ; 

::are carried bya fixed rail 1 1 0 forming: part of a; surgical : 
table upon which the subject is supported. 

The insertion sections 100RB and 100LB of thei 

: : manipulators: may be ; of; substantially ;the; same; design ; • 
as manipulator arms 34R and 34L described above with 
reference to the Figs. 1-3 embodiment. The insertion 
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insertion sei^dh 1085;is anally ahtfrotatabty movable 
;:within;the;inner::end:l22:to^ 
;;pairbl;irrte^ 

scoplc viewing pi workspace 104 The: laparoscope also 
;;fe;j^wid^With Ruminating means,; hot shown for illumi- 
: mating the workspace, ; and : wtth : liquid: : Inlet : and ; outl et : 
; ; means, ; not shown, ; for flow; of: liquid past; the windows, ■ 
video camera means within: section T08 A: are; respon-: 
sive to light received through the viewing windows for 
^generation of left and right ele^t^c.imgesi at output 
lines 48R and 48L far connection to ;image: memory 50 
A ;magnrfied' 3^tm$n^onaii Irriage : i:04f )$; prqe^ced at 
display means 54 for viewing by the operator wearing 
cross-polarized glasses 80 via mirror 66. As with the: 
embodiment shown in Figs. a.wtual image 1:04V of 
the workspace 104 is produced adjacent control arms 
130R and 130L of controllers 102R and 102L Control 
arms i30R and 130L are of the same type as control 
arms 76 R and 76L included in the Figs 1-3 embodt- 
; ; rnent described ; above. They ; include telescopic ; inner 
and; outer sections 1S2Ri* and t32R f and 1 32L1 and 
132L2, Sensor means 134 R and 134L located adjacent 
the outer ends of the control arms control operation of 
end effectors 114R and T14L respectively* In the man- 
ner described above: with reference jjo Figs. libera 
will be noted that the angle from: vertical at which the 
image; is viewed by: the : operator : n e ed : ; not : equal the 
angle from vertical al which the object its viewed by the 
cameras. In the arrangement Illustrated in Figs, 7-9, the 
; ; operator is shown to view the; image ; 1 04V at an; angle 6 
: i ifrom fy erti«i iCRig-J i7> : whereas: the obiect 11 6 • is shown 
; ; as :vi awed ; directly; downwardly^ ; With ; no ; external; refer- 
ence, the sense of vertical within a body is not particu- 
larly great, and; no : confusion: is produced; in the rmnd of 
the operator as a result of the different observer and 
camera viewing angles relative tb vertical. 



body- Insertion section 1.Q0RB includes telescopic inner 
section 112R1 and outer section 112R2. which outer 
; section is adapted; for both axial; movement into and out: ; 
of;iriher section 112P1 and for rc^lod as^ tts longitu- 
dinal axis. End effectors 11 4R and 114Lare carried at 
the outer ends of the respective nght and reft sections 
112R2.and 112L2 for manipulation of organ 116. The 
inner section T12RT is adapted for.pivotaf movement 



wall 106. Exclusive of operatiort of end effectors 114R 
and 1 14L the manipulator arms each are provided with 
four degrees of freedom, the same as in the embodi- 
ment shown in Fgs T-3. End effectors t14R and 114L 



: If ied; virtual ; image: : 1 04V of the; workspace : pnoyided ;fbr 
viewing by the operator, but control arms 130R and 

: ; 1 30L of greater; length than the fen^ijtfi ifa^ 
tor insertion sections 10GRB and 100LB are employed, 
Servomechanism scaling of axiafmovemehtioi the teler 
scopic control arms is provided such that axial exten- 
sion or retraction thereof results in a smaller extension 
or retraction oi tfte telescopic i^@^^^^6^^. :: ^9^ 
lar;pivotal motion of the control arms 130R and 130L 
produces the same angular pivotal jmbifan-of Insertion 

; ; sections tOOR B and :1:00LB^ and rotational movement of 
the end sections 132R2 and 132L2 of the control arms 

. produces: the : same ; rotational motion; :d ■ end ; sections 

:;1;12R2 and; ;1;12t i 2: of the insertion sections; of the right 



;;;;;6;: 
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and left mariii^lators* without seating;, This embodiment 
; -of the Invention, with its magnifiieo^ 
;;;;use]nthearea:of microsurgery, and:especiaIIy.:in;thosa 
: : cases where: the surgeon cannotreach an area by:^0<i 
. because of size constraints. 

The present invention is not limited to use with 
: ; ; manipulators ; having l^^^cUfer; number of ; degrees 
of freedom Manipulators with different degrees qi free- 
dom which are weir known in tha;art/m&y^ 
practice of this Invention.. In Figs,. 10 and 11, to which 
reference: now is made a controller 140 arid manipulator 
:: 142; respectively, are shown: which: inctude:a wrist joint 
: to provide the same with additional ; freedom; of imove 1 : 
;:;:merit;:The: illustrated controller :14^ Indudes a housing 
144 affixed to the bottom of table top 68 upon which 
■'. table mirror 66 is. located, An enlarged virtual image 
; 1 46V of actual workspace 146 is provided; aajacerit the ; 

operators hand 14a viewable by the operator when 
: looking downwardly onto the mirror 66 in a manner 
de$cribed above. 
HHyiiiHiA control arm ;15GL comprising inner and outer sec-;; 
tions 150L1 arid 1 50^2, respectively rrouitte^ wtbift 
housing 144 for pivotal movement in any pivotal direc- 
tion as indicated by ihtier^ecting double-headed arrows 
152 and 154. The outer section 15012. is adapted for 
axial movement into and out of inner section 150L1 in 
the direction of double-beaded arrow 156. It also is 
adapted for rotation about its lohpudinal axis fn the 
direction of double-headed arrow 158.* In this embodi- 
menti iie: cohtrbrarm fhcludes ah end section 1j60 : :prv« 
: otaity attached to outer section: 1 50L2 by wrist joint 1 62 : 
;; : f or pivotal movement in the direction of; doublei-headed ; 
arrow 164. End section 160 comprises axially aligned 
inner and; outer; sections 160 A and 160 B. the outer sec-: ; 
:tipn 160B iof which is r^i^leia^i^ ij& :(q jjgft^ j 
In the direction of: dbuble^beaded arrow 166, As with the 
above-described arrangements, sensor means 168 are 
located adjacent the free end of the control arm for 
operation of an end effector 170 at manipulator 142 
shown in Fig. It- 
Referring to Fig. 11, end effector 170 is shown to 
comprise ; a pair of movable jaws attached to ; a wrist ;i:72 ; 
-comprising axially aligned links 172A and 172B. Outer 
link!72B is rotatable about itslongrtudinai axis relative 
:-;tO;ihner link 172A by motor means, not shown, in the 
; direction ; of double-headed: arcow: 1 66M in response to ; 

rotation of section 160B of the hand-operated control 
;;:unit in: the: direction; of :arr^ 

otaily attached to manipufator forearm 174 for pivotal 
movement in- the direction of double?headed; arrow 
164M in response to pivotal movement of end section . 
160 of the; handroperated ; control : means; ; about: pivot ; 
axis 162. Forearm 174 is longitudinally axjaily movable 
in the direction of double-headed arrow t56Mj!iri 
response to axiaJ movement of outer section 150L2 of 
control arm 150L in the direction of double-headed 
arrow 156. It also is rotatable about its longitudinal axis 
in the direction of double-headed arrow. tSSM in 
response to rotation of outer section 150L2 of control 



arm- 150L in the direction of double-headed arrow 158 
:::::: : Additionally it is pivotally: movable about point 176 in the : 
:;!;;;!; yyidirections;of double-headed; arrows 152M aixl154M in : 
response to pivotal movement of control arm 150L in 
: ; : s : :: th e ; directions of ; doubi e-h ead led ; arrows;;152 a^d : r54v- 
: : : : : : : : : : : re^ectiveiyj For biomedical ;us$j sucfc as: remote lapar r. ; ; 
in!ii:i:!:;oscopic;surgei^; pivot point; 1 7.6: is: substantially ; located • j 
at the level of abdominal wall 178 through which the 
manipulator extends. In Fig.. 11 ..inahtpuJator arm 1 74 is 
w shown extending through a cannula 180 which pene- 
trates the abdominal walL 

The outer operating end of the manipulator, is 
:::::;;;;; adapted ; for; attachment: to; a supporting ; rail, : not shown, ; 

of the surgery table upon which the subject Is sup- 
15 ported; : it includes; an ; end ; effector drive; motor 1 82 for- = 
opening and closing of gripper 170, Wrist drive motor 
;:;;;;:;;:;;184;corrtrols pivotal moyemertof wrist 1:72 in the d^ 

tion of double-headed arrow 164M, and extension drive 
;;:;;;;;;;: motor 186 controls ; axial : movement ; of manipufator • arm : : 
20 174 jn the direction of double-headed arrow 156M. 
Forearm pivotal control motors and linkages, identified 
generally by reference numeral 188. provide for pivotal 
movement of arm 174 about pivot point 176 in the direc- 
tions of arrows 1;52M ahd 1;54NU Pr^l ;rhbtiort about 
25 -point 1 76 is provided by simultaneous lateral movement 
of the outer operating end of the manipulator andpfyotar: 
ill ; {movement : of ; arm ; : 1:74. ; Movements ;;are;; coordinated - 
such thai the center of rotation of forearm 1741s fixed in 
space at point i 76; at the level of the; abdominal wal 1 , 
30 Controller 14Q and manipulator 142, are included in 
a system such as shown in Figs. T t 8 and 9 which 
includes a second controller and manipulator for use by 
.the operator's right hand, and associated servomecha- 
;;;;;;;;;;; nism -means of; any; suitabre type . ; not ; shown,; for remote • 
35 control of the manipulators by the hand-operated con-, 
trailers, video camera means a! the worksite, such as 
shown in Fig." 9, together with display means, such as 
shown in Fig 7 are employed for providing the operator 
with an image of the workspace at a location adjacent 
? i i ; U | |tHei : : i l^ft j j a^^Ji : :ri^it i i Hi|ai^toper^j^d i | i^rttilpj i = rneairi^i ! | ^ = ^ 
' using manipulators with a wrist joint, an added degree 
of freedom is provided for increased maneuverability 
and usefulness thereof. However, as noted above, the 
present invention is not limited to U6e with; manipulators 
45 with any particular degree of freedom 

Reference now. is. made 1d Figs. 12 and 13 wherein 
a modified form of this invention is shown which pro- 
vides for direct viewing of a 3-dimensianat image 2 40 1 of 
a workspace, not shown, In Figs, 12 and 13. only, the 
: hso; ; ; :;operatorfs station is shown-; which; includes right and left : 
controllers 242R and242L and associated right and left 
hand-operated means 244R. and 244L. which may be of 
the same type as controllers and control arms 
described above. The operator! s station is adapted for 
$5 ^remote control of manipulators which;aiso may be of the : 
above-described type The ^-dimensional image 2401 of 
the workspace is provided by. visual display means 246 
in conjunction with electrooptical d evice 58 at the face of 

wdrriiii 
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j by ; the; operator,: Xo ; which; display; means; left and; right 



the workspace ar alternately supplied, all in the man- 
^"ner described in detail above. End effector and object 
;iirrteges:248:^ are shown within the 

workspace: Image: as viewed by video cameras: at the 
worksite. The display means 246 is Jdcated adjacent the 
left and fight hand-operate^ Means 244R and 244L for 
direct viewing by the operator With this; arrangement 
the end effectprarxl object images- together with, the 
; ; hand-operated ; means ; 244 R ; and : 244L: are ; simultanei 
pusly viewable by the operator, Since; *he l^nd'Oper* 
:;ated::means also; are; visible; the; operators; provided; 
with a visual sense of connection between- the end 
: \ effector; ; means ; ; and j ; ih and derated! i ;means ; i ^eheby ; 



Reference now is made to Rg. 1 4 wherein the distal 

: end portion, or tip, 250 of the insertion section of an 
endoscope is shown which is erf substantially the; same 
type as shown in the above-mentioned publication enti- 
tled "Introduction to . a New- Project : for - National 
Research and ; Development Program (Urge-scale 
Project) in FY 1991° which endoscope may be used in 
the practice of the present invention. The insertion end 

; of the endoscope; incfudes a;pair;6t spaced: viewing; win-r; 
dows 262 R and 262L and an illumination source 264 for. 
: viewing; and illuminating a workspace to be observed. 
Ught received at the windows is focused by objective 

;:!ens;means/not:shown,;and;transmitted through fiber- 
optic bundles to a pair of cameras at the operating end 

: : of :the endoscope; ; not shown; : The; camera; outputs are ! 

^converted ; to a 3*dimensional image of ; the; workspace: 
which linage js located adjacent hand-operated means 
at the operator's station, not shown. Right and feftsteer : 

\ able catheters 268R and 268L pass through accessory 
channels; in the endoscope; body, which; catheters; are 
adapted for extension from the distal end portion,, as 

i; illustrated^ End effectors 270R;and 270 LaFe provided at; 
Iheends of the catheters, which; may comprise conven- 
tional endoscopic instruments. Force sensors, not 
shown, also are inserted through the endoscope chan- 
; nels. ; Steerabie cath eters which; include control; wires for: 

ijcofSihoinhg bending of the catheters ;and ^peratipji: M an \ 

; ;end; effector: suitable; for use with; this; invention are well ; 
known. Control motors for operation of the control wires 
are- provided at the operating end of the endoscope, 
which motors are included in a servomechanism of a 

. :type : described : : above : for operation; ; of . the : steerabie ; 
catheters and associated end effectors from a remote 

: operator's ; station. ; As; with: the other : embodiments. ;the: 

; interfacing computer in th e seryomecfi^ismi ; .S^tem; 
remaps: the operator s hand motion; iinto 'the coordinate 
system of the end etfectdrsi; and images- of the end 
effectors are viewable adjacent the hand-operated con- 
trollers in a manner described above;: With :this;embodi<; 
ment the operator has the sensation of reaching 
through the endoscope to put his hands directly on the 

;;end;:effectors for control; thereof: : Endoscopes ; of differ- 
ent lypes may be employed in this embodiment bf : the 



lira- 



invention so long as they include one rmore accessory 
channels for use In: control of end effector means; and 
suttabie viewing means for use in providing a visual Dis- 
play of the workspace For example, gastric, colon- 
scopici ; and like type; ; end oscop es ; may ; be ; employed ; ; •■■ 
The invention; having been described in detail in 



various other changes and modifications wiD suggest 
themselves to those skilled in tW§ art! ;R« jrortplej as 
noted above, ; the ; Inventi oh may include the use of tactile 



and: for manipulating: tissues and instruments. To pro- 
vide this feedback, tactile sensor arrays may be 
included on the end effectors which are coupled to tac- 
tile sensor stimulator arrays on the hano>operaie<f con- 
trol r9^^ ( ^Hii^:r^:r^u0i$ thetaciiiese^^^ 
operator's hands A vari ety of transduction technologies 
for teleoperator tactile sensing are known including 
r.esistive/conducthre, semiconductor, piezoelectric 
capacitive and photoelectric. Hand-operated control 

; ; means : ; and ; manipulators: : of ; ; Afferent : : types: ; may ; ; be 
employed using a wide variety of weir-Known mecha- 
nisms! and 'electromechanical elements including for 
example, gimbals, linkages, pulleys; cables, drive belts 

H^:.:bands f :ge 

encoders, and angular and linear motors. Force feed- 
back to the operator requires use of body contact with 
hand-operated control means. Both hand grip typ e hand 
controllers such as those illustrated, and control brace 
type hand controllers are well adapted for use with the 
: : present; ; i nve ntidn; for : force ; feedback to; the : op erato* 
: ; Control brace hand jcbrrt rollers: Include, use ;ct; sfructu res 
; ; with positive: sensors; mounted on the operator at ; joints. 
;;fior;measuring;joint;angles. Force feedback then; can;be 
appl led to; each i joint:; i Similarly : light fabric: gloves ! with 
vahabfe^resistance or fiberoptic flex sensors mounted 
; : on the joints :for :measunng bending of individual^ ingers 
; ; may: be used. : Gloves of this; type ;aJso may be provided 
I jvk^terce: feedback to: provide: for tel epresence Interac-r; 
; I tiori ! vy^H! iT^N 1 ^ ! P)^©! 1 ^^ ! !® : df ; tfte ; typi ei ; of ; hsinbl4 

: operat ed ; control means ; employed ;. : ;an;; image ; • of : jthe; 
; workspace is produced adjacent thereto to provide the 
operator with a sense that the end effector means and 
; ; hand-operated control: means: are substantially integral; 
Also,; as noted above; servomechanisms of many; differ- 
ent types are well known in the robotic andteleoperator 
system arts, and the invention is not limited to any par- 
ticular type; ; Those; that; include; force ; and torque; feeo- 
back; td th© operator are preferred to Contribute to a 
telepresence, sense of operation, fe addition, many dif- 
ferent means for producing a stereoscopic. artafie of the 
workspace are known. For example, instead of .using: 
two cameras, a single camera may be ; employed 
together with switched cross-polarizing elements in the 
image receiving path, In this case, a pair of spaced ster- 
eoscopic lenses are used for viewing the workspace 
from different angles and providing first and' Second 
images thereof to the camera, In the fig 9; arrange- 
\ ; merit, ; wherein; ^i^^oscope \ is; shown j j other; -types ; of 
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endoscopes may b used for viewing the workspace As 
noted above^ the . invention is not limrted to any particular 
applicationoruse.lnthebiomedfcalfield.iUsesincludB^ 
for^exarrplev open : surgery,:^ 

remote ; location,: microsurgery : and minimum invasive 

Isurgeryi^ 

Laboratory use including microscopic manipulation also 
is.com$mplated. Industrial; use of the invemion include,: 
for ; ; example!: ; ; hazardous : : mater iafs : ; handling. ; ; remote i 
jPp^^rtiqnsi: j microassembty,; : and : th e ; jike: \ ;M iji tar yj :£n<( | 
undersea use of the teleoperator system of: this system: 
are apparent. 



endosccjpjc sucgica! instrument (T42) ccmprjs* 
g a control section: (1 43): and an insertion section 
(145), the insertion section (145) being: adapted to;: 
:b£;iriserted into a patient ; through: a small : indsiori; 
(1 80) to a location adj acent a worksite: (22); in the : 
patient; 

wherein the insertion section (145) .com-'" 
prsesia foieariTi (ink (1 74) >: a wrist Jinki^l 72) and an ; : 
end effector (170), wherein the forearm link (174) : 
has a proximal end, a distal end and a forearm axis 
extending: longitudinally from; the proximal end: of :; 
the forearm link (1 74) to the distaJ end of: the fore* : 
StiSTfoik (174). the wrist link (172) has a proximal 
end and a distal end and a wrist axis: exten^n^iSprn ! j 
the praximaf end of the forearm link (1 74) to the dis- ; 
M^i «k|[ P< Jttie ipreaiim | iirik; *(M P^4Ki [er^ii^l 
the ; forearm \ rinik: ;(174): : is; connected to the' control \ 
section (143),: the : distaJ end of trie ; forearm: link : 
(1 74) is conn ected: to a: pivotal wrist joint, . and th e : ; 
proximal end of the wrist link (172) is connected to 
the pivotal wrist joint and the distal end of tha^H^tH 
ijn^:(:172) is connected to the end effector (170), 
characterized in that: : 

; I : ; the : contra I s actio n (1 43) : co mpris as :a plurality :•: 
i;|:H^^girbl motors and linkages 1 (182, 184, 186, 
;;;yiii!1Mji:adapted to: operate the: insertion section 

(145) with at least five degrees of freedom 

including: 

i|jiinj|jijj:^lrisertiori:arid 

(174) along the forearm axis and through 
the smaB incision (.180); 
.rotation of the forearm link (174) about the 
.; forearm axis; 
ij!i|;;;;|Hi; pivotal motion of the forearm link (174) 
about a f irst pivotal axis and a second piv- 
otal axis whicttarel^rp^ to each 
other and intersect the forearm axis at a 
pivot point adjacent the small incision: 
• (180); and . ';; .!:; ;v 
pivotal motion of the wrist link (172) rela- 
tive to forearm Jink (T74). 





The endoscopic surgtcaJ instrument {142) as 
descr lb ed : in d aim ; 1 : : wh ere in : th e ; wrist ; I i nk : (1 72) : ; 
comp rises ; an inner: link: (il 72 A): : and ■ an ? outer link ; 
(172B) and wherein the control section (143) is 
adapted to operate the insertion section (1:45) with 
at. least: six degrees of freedom including movement 
of the outer link (172B) of the wrist link 072) rela- 
tive to the ; inner link(t72A) iof the wrist link (i^il;:::! 



endoscopic 



wm 



surgical instrument 
described in claim 2 wherein the outer link f172B) 
of the wrist link (172) and the inner link (172 A) of 
the wrist link (172) are axial ly aligned and wherein 
the control : section (143) : is adapted to : rotate : the 



;2P:i 



«uter link (1 72B) relative 


to the inner link (172A). 




Af/me endoscopic surgical instrument (142) as 





de$cribed in claim 1 wherein the end effector. (170) 
comprises a first: element: and a: second : element ; ; 
and wherein, the control; section (143) is- further • 
adapted to move the: first element relative to the 
element 




m 
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The endoscopic surgical instrument <T42) as 
described: in daim 2 wherein: the: end: effector (170); 
iyiyjllijjlcomprises a; flrst: element arKj; a second; element;: 
;ii!y||;;:;:and wherein the control: section: (143)::is; furtfi er - 
: adapted to move the first element relative to the 
iHHnHHHsecorici element.. ; : 

%/ The endoscopic surgical instrument (142) as 
s \ descrtoed in daim 1 wherein the end effector (170) 
comprises a surgical instrument (142) head 

caJ cutters, eiectrosurgicat coagulators, : : forceps^ :i 
needle holders;: sti 

The ; endoscopic : surgrcal ; ; ; instrument: : (1 42)ii;as::i 
described; in claim: 1 wherein the : control section ; 
1(1 43 ji is adapted to be fixed to a support rail (t 1 0) of 
|a; surgical : table: for ^support b f th e surgical : manipu- ;: 
late* during surgery. 

endoscopic surgical instrument (1 42) compris- 
ing an insertion section^ 45) and a control section 
(1:43), the: insertion secto 

be inserted into a patient through a small incision : 
: (1 80) to a: location ; adjacent a worksite: (22) in : the : 
patient: :;;:: i : l^j h: ; p 

wherein the insertion section (145) com- 
prises a foreanri lin^g 74), a wrist link (J72) and an 
end effector J1;70), wherein the forearm link (174) 
has a proximal end. a distal end and a forearm axis : 
extending : longitudinally f rom the proximal end: ipt:; 
the forearm to the distal end of the forearm; the 
wrist link (172) has a proximal end and a distal end ; ; 
and a wrist aids ; extending; from the proximal end of 
jihe I fer^rrri; to ; the : 

^xirtiaf end of the forearm link (174) ^connected;;; 
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to the control section (143). the distal end of the 
.forearm ; link ; '{1 74): ; Isi jwnnec^eld \ to j ;ai •: pivotal; ; wrist; ; 
joint andi the proximal end of the wrist link (172y is 
connected to; the; pivotal ; wrist; joint and the distal; 
;Sid;lbf i the ; wrist link- (1 72): connected ;to:;the;:end:; 
effector (170); characterized In that: 



the surgical manipulator as described in claim 8 
wherein the end effector ;(N [70): Gqrri^>f i^ers :aifn^t|ej j&j! : : 
merit iand ; a second element and wh erein the con^ 

.foi||;sectibn;:;(143) ; further; ; comprises; ; means! ijfari; 
moving the first element relative to the second ele- 
ment ; ;':/. : n^:;:: :: ': : : : : .:i; ; : ;;i : : : : : : ' : . ;:r . - : ": : : '.-r : '. : ; !: : " : i : 




the control section (143) comprises: 

means for inserting ^ and : rie^^ng : ;the : fbre-r 
arm link (174> along the forearm -a^-ahd:! 
through the smalUnclslon (1 80>; 
means for rotating the forearm link (174) 
about the forearm axis; 
means for pivoting the forearm, link (174) 
about a first prvotaf axis and a second piv- 
. otal axis which are^perpendiojlar to .each ; 
other and intersect the forearm axis at a 
pivot point adjacent the small incision 
: ' 080); and 
means for pivoting the wrist link (1 72) rela- 
tive to the forearm fink (174) so as to con* 
trol the angle between the forearm axis 
. s • and the wrist axis. 

St The surgical manipulator as described in claim 8 
/ wherein the wrist link (1 72) comprises an inner link 
(172A) and an outer link (172B) and wherein the 

;;:;:;:::::;:i;contra( : sectiCH^ 

moving the outer link (172B) of the wrist link (172) 
relative to the inner link (172A) of . the wrist link 
(172), 

1 Ci; ; The I surgical rrianipulator : as describ ed ; in; claim 9; i ; 
wherein the: outer link (172B) ofthe; wrist link:(:T72) ;; 
: and the inner; link (172A) of jtrjS iwSS :tifi*c ( 1 72); are ; ; 
axiaily aligned and wherein the control section 

;ip4^l;further; comprises:: means : for : rotating HtW^;! 
iiclieriii^^^B); relative to the inner link (172A);: ::;:;:: 
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Wades and irrigators, 

The: surgic^ : manipulator: as descr^^|iri;§j^miHQ;; 
wrier einthe;^ 

means for mounting the control section (143) on a 
support rail (11 0> of a surgical table for supporting 
the surgical imahTpulatdr during a surgical prbcet* 
dure. 




[The [surgical manipulator ; as \ :descr ib ed : in: claim :i9;: 
wherein the end effector (170> comprises a f irstieie^i 
m^iartfas^ con- 
trol section (143) further comprises means for; 
moving the first element relative to the second ele- 

the. surgical manipulator as described iri claim 10 
wherein the: end effector : (1 70): comprising: a surgn; : 
caliiinstrument head : selected from; the : group; : of;; 
retractors, :; el ectrosurgical : cutters;:; ;eiec^c^rg«ai|i 
coagulators, forceps; ; needle; : ; holders;; ; scissors, ; 
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